Netrin-1 was first identified as a guidance factor in axon outgrowth during central nervous system development and was later shown to be involved in the morphogenesis of other organs. This study, thus, aimed to verify netrin-1 gene expression in swine antral follicles and to detect netrin-1 protein expression in follicular fluid. In addition, since netrin-1 is also a potential guidance factor for endothelial cells during angiogenesis, an essential event for follicular development, we attempted to verify its effects on swine aortic endothelial cells. Our results show that netrin-1 is present in follicular fluid and is physiologically expressed in both the thecal and granulosa layers from swine antral follicles. Furthermore, by means of an angiogenesis bioassay, we documented the inhibition of vascular neoformation by netrin-1. In conclusion, our results demonstrate that netrin-1 can be synthesized by swine follicular cells and secreted in the follicular fluid where it appears to exert regulatory effects on both follicular function and vascular development. 
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Introduction
In 1994, Kennedy and collaborators discovered netrin-1 (Kennedy et al. 1994 ), a factor that guides axon pathfinding during the development of the central nervous system. Netrin-1 involvement in the morphogenesis of other organs (mammary gland, pancreas, and lung) has been documented previously, and its expression has been demonstrated in the heart, liver, kidney, intestine, stomach, thymus, and testicles (Engelkamp 2002) . At present, the only experimental evidence of the protein within the ovary is related to swine granulosa cells (Maeda et al. 2008) . Therefore, the first aim of this study was to verify netrin-1 expression in swine ovarian follicles greater than 5 mm, in both the theca and granulosa layer. In addition, we tried to verify its presence in the follicular fluid by Western blot. Recent studies show that netrin-1 is able to drive pathfinding of not only neurons, but also of endothelial cells during blood vessel development (Wilson et al. 2006 ). In particular, Lu and co-workers (Lu et al. 2004 ) have shown that netrin-1 mediates repulsive guidance in the growth of the vascular network through its binding to the UNC5B receptor. In contrast, Park and colleagues (Park et al. 2004 ) report a promoter effect on both migration and proliferation. Therefore, using an angiogenesis bioassay (Basini et al. 2008) , we examined the effects of netrin-1 on the development of new blood vessels.
Materials and methods
Swine ovaries were obtained from a slaughterhouse, and antral follicles greater than 5 mm were isolated. Granulosa cells were separated from the thecal membrane, and RNA was extracted and reverse-transcribed. The cDNA obtained was subjected to PCR using the primers pACTIN sense (5′-GAGACCTTCAACACGCCG-3′) and antisense (5′-GGAAGGTGGA CAGCGAGG-3′), with an expected product size of 685 bp; and netrin-1 forward (5′-GACG ACGACGAGGAGAACTC-3′) and reverse (5′-GGGTGAGCTCAATCACAGTT-3′), which amplify a region of 449 bp. The amplified products obtained were subjected to electrophoresis in a 1.5% agarose gel stained with Gel Red dye (Biotium, Hayward, CA). Digital images were captured by a Power Shot A610 (Canon Italy SpA, Milan). Follicular fluid, collected by aspiration, was subjected to SDS-PAGE and subsequently blotted onto a ProBlott membrane. After transfer, the membrane was incubated in a solution of 5% skim milk and TBS for 1 hour. After three washes in TTBS, the membrane was incubated with an anti-netrin-1 polyclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA). For immune complex detection, we used a universal biotinylated secondary antibody (LSAB ® + System-HRP, Dako Cytomation, Carpinteria, CA) in combination with streptavidin-peroxidase and DAB as chromogen substrate. The in vitro angiogenesis bioassay was performed by incubating 12.5 mg MC with 1.5 mL sterile PBS for 3 hours at 37°C. After two washes, the MC were put in a flask containing AOC (5×10 5 ) at the 13th passage, in 5 mL M199 containing 2% FCS. The flask was incubated overnight at 37°C to let the AOC coat the MC. For fibrin gel preparation, the AOC-coated MC (20 μL) were placed in 12-well plates containing a solution of fibrinogen (1 mg/mL, pH 7.6) and thrombin (5 U/mL). The plates were incubated for 30 min at 37°C to promote fibrin polymerization. Subsequently, 1 mL M199 was added to each well. After a change of medium, fibrin gels were treated with 100 ng/mL netrin-1 (kindly provided by Prof. Linsday Hink, University of California, Santa Cruz, CA) and incubated for 48 hours at 37°C in 5% CO 2 . Photographic images were acquired after incubation to determine the area of vascular development. AOC proliferation in the fibrin gel was quantified using Scion Image 4.02 (Scion Corporation, Frederick, MA, http://rsb.info.nih.gov/nih-image/), which calculates the area occupied by endothelial cells expressed as the number of pixels. Statistical differences were calculated by ANOVA using Statgraphics software (STC Inc., Rockville, MD). When statistically significant differences were found (p<0.05), means were submitted to the Scheffè's F test for multiple comparisons.
Results
Netrin-1 gene expression was detected in both theca and granulosa cells isolated from large antral follicles (Fig. 1) . Immunoblotting revealed the presence of netrin-1 in follicular fluid (Fig. 2) .
Netrin-1 treatment produced a significant inhibition (p<0.05) of angiogenesis in the area covered by endothelial cells on the fibrin gel (Fig. 3) .
Discussion
Our results show that netrin-1 is present in follicular fluid and is physiologically expressed in both theca and granulosa cells of swine antral follicles larger than 5 mm, suggesting its involvement in regulating follicular function. Netrin-1 appears to be primarily expressed in regions of tissue remodelling rather than in quiescent tissue (Strizzi et al. 2008) . Interestingly, the ovarian follicle is a typical site of differentiation and reorganization 70 KD Fig. 2 The ProBlott membrane shows a band of approximately 70 kDa, identifiable as netrin-1 C Netrin1 100 ng/ml events, leading to the evolution of both its structure and the thecal vascular system. Therefore, netrin-1 could be actively involved in driving such dynamic events. Based on our data, we hypothesize that netrin-1 can be synthesized locally and could contribute both to the organization of follicle cells and to the regulation of blood network development, an essential event during follicular maturation. Specifically, using an angiogenesis bioassay, we documented the inhibition of vascular formation by netrin-1. This finding indicates that netrin-1 is an anti-angiogenic factor. Consistent with the data obtained in the nervous system where netrin-1 exerts opposing effects that depend on the type of receptor involved, previous studies documented that this protein can either inhibit or promote angiogenesis. In particular, Yang and colleagues (2007) showed that netrin-1 might act as a pro-or antiangiogenic factor, depending on its concentration and the type of receptor expressed by endothelial cells. In conclusion, this protein, which is known as an axon-guidance factor, can be synthesized by swine follicular cells and secreted into the follicular fluid where it can exert regulatory effects on neovascularization.
